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Detailed Report 
(Name of invention) 

halogen-free flameproof heat transfer sheet 

Abstract 
(Object) 

This invention offers a halogen-free flameproof heat transfer sheet, with excellent 
flameproof properties and which also does not release poisonous halogen-based gas when 
burned and also has good sheet processing features. 

(Solution) 

This product has 100 to 160 wt. parts of metal hydroxide based flameproof agent, 
1 to 10 wt. parts of red phosphorus, and 500 to 700 wt. parts of heat conductive powder 
per 100 wt. parts of binder resin which consists of 60 to 90 wt. % of ethyl aery late based 
polymer and 10 to 40 wt. % of ethylene - methyl acrylate copolymer. 

Sphere of the patent application 

(Claim 1) 

Claim 1 is concerning a halogen-free flameproof heat transfer sheet which has 
100 to 160 wt. parts of metal hydroxide based flameproof agent, 1 to 10 wt. parts of red 

phosphorus, and 500 to 700 wt. parts of heat conductive powder per 100 wt. parts of 
binder resin which consists of 60 to 90 wt. % of ethyl acrylate based polymer and 10 to 
40 wt, % of ethylene - methyl acrylate copolymer. 

(Claim 2) 

Claim 2 is concerning the halogen-free flameproof heat transfer sheet stated in 
claim 1 where the metal hydroxide based flameproof agent is magnesium hydroxide 
and/or aluminum hydroxide. 

(Claim 3) 

Claim 3 is concerning the halogen-free flameproof heat transfer sheet in claim 1 
where the heat conductive powder is aluminum oxide and/or magnesium oxide. 

Detailed explanation of the invention 
[0001] 

(Field of industrial use) 

This invention is concerning a halogen-free flameproof heat transfer sheet. In 
more detail, it is concerning a halogen-free flameproof heat transfer sheet with excellent 
flameproof features and also produces less poisonous halogen based gas when burned 
and has good sheet processing features. It is suitable for use as a heat sink for heat 
emitting bodies such as electric or electronic devices. 

[0002] 
(Prior art) 
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Former heat transfer sheets used for cooling heat emitting bodies such as electric 
or electronic devices used a thin adhesive layer or silicon rubber composition on the 
surface of a silicon rubber sheet which contains heat conductive powder such as 
aluminum oxide or boron nitride or polyimide (amide) film. 

[0003] Such heat transfer sheet must have not only thermal conductivity but also a high 
degree of flame resistance for safety. Its flameproof level should be equal to the V-0 
level in the UL-94 burning test. However, the former heat transfer sheet is inferior in 
flame resistance. Even if an additional flameproof agent is used, it is necessary to 
balance thermal conductivity and flame resistance by using a heat conductive powder. 
Therefore, it is difficult to attain the V-0 level in the UL-94 burning test. 
[0004] In the past, to make the heat transfer sheet flameproof, a halogen based 
flameproof agent such as a bromine compound or chlorine compound has been mainly 
used. However, in this case, since poisonous halogen base gas is generated during 
burning, a halogen-free flameproof heat transfer sheet has recently been sought due to 
environmental problems. 

[0005] Halogen-free flameproof agents such as, for instance, metal hydroxide based 
flameproof agents such as magnesium hydroxide or aluminum hydroxide, zinc based 
flameproof agents such as zinc borate, zinc carbonate, and zinc oxide are well known. 
These halogen-free flameproof agents have problems producing sufficient flameproof 
effects unless they are used in large amounts. 

[0006] In general, heat conductive powder used for a heat transfer sheet is used in 
considerable amounts. When the halogen-free flameproof agent above is used in large 
amounts as well as the heat conductive powder, molding and processing is difficult. 

[0007] 

(Problem that this invention tries to solve) 

Under the above circumstances, the object of this invention is to offer a halogen- 
free flameproof heat transfer sheet with good thermal conductivity and excellent 
flameproof properties and which also does not release poisonous halogen gas when 
burned and also has good sheet processing features. 

[0008] 

(Steps for solution) 

The inventors of this invention made through research concerning a halogen-free 
flameproof heat transfer sheet. As a result, it was found that excellent flameproof 
features and processing features were attained while maintaining good thermal 
conductivity when the heat transfer sheet contained a metal hydroxide based flameproof 
agent, red phosphorus, and a heat conductive powder in a predetermined ratio in binder 
resin. This finding led to the completion of this invention. 
[0009] That is, this invention has 100 to 160 wt. parts of metal hydroxide based 
flameproof agent, 1 to 10 wt. parts of red phosphorus, and 500 to 700 wt. parts of heat 
conductive powder per 100 wt. parts of binder resin which consists of 60 to 90 wt. % of 
ethyl acrylate based polymer and 10 to 40 wt. % of ethylene - methyl aery late copolymer. 

[0010] 

(Embodiment of this invention) 
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The binder resin used for the heat transfer sheet of this invention consists of 60 to 
90 wt. % of ethyl acrylate based polymer and 10 to 40 wt. % of ethylene - methyl 
acrylate copolymer. 

[001 1] There is no specific restriction regarding the ethyl acrylate based polymer which 
is one component of the binder resin. However, a polymer with at least 90 mol % of 
ethyl acrylate is preferred. For instance, as its other component, a product which 
contains butyl acrylate or other co-polymer monomer in less than 10 mol % ratio is 
suitable. Products of this ethyl acrylate based polymer include, for instance, there are 
Cyanacryl R (manufactured by Cyanamide U.S.A.), Toacron AR-601, Toacron AR-740 
(both are manufactured by Toa Paint), Nokstite PA-301, Nokstite PA-3 12, Nokstite PA- 
401, Nokstite PA-512E (all are manufactured by NOK Co.), etc. 
[0012] Also, there is no specific restriction concerning the ethylene - methyl acrylate 
copolymer which is the other component. However, products with a mol ratio of 
ethylene unit and methyl acrylate unit of 61 to 77 % and 23 to 39 % equivalent monomer 
conversion are preferred. From point of view of arrangement of the monomer, a random 
copolymer is suitable. In addition, it can contain other monomer components that can be 
copolymerized in less than 4 mol %. Products on the market include, for example, 
Baymac G, Baymac HG (both are manufactured by Mitsui Dupont Polychemical Co.), 
etc. 

[0013] Although inorganic heat conductive powder is compatible with the above ethyl 
acrylate based polymer, it will not hold its shape before curing. On the other hand, in the 
case of ethylene - methyl acrylate copolymer, although it maintains its shape, it does not 
work well with inorganic filler. Accordingly, when inorganic filler and shape 
maintenance are considered, the ratio of ethyl acrylate based polymer and ethylene - 
methyl acrylate copolymer should each be in the range of 60 to 90 v^. % and 10 to 40 v^. 
%. 

[0014] The halogen-free flameproof agent used for the heat transfer sheet of this 
invention is a combination of metal hydroxide based flameproof agent and red 
phosphorus. Suitable metal hydroxide based flameproof agents include, for instance, 
magnesium hydroxide, aluminum hydroxide, zirconium hydroxide, etc. Magnesium 
hydroxide and aluminum hydroxide are especially suitable. This metal hydroxide based 
flameproof agent should have an average particle diameter in the range of 0.1 to 10 |im. 
[001 5] This combination of metal hydroxide based flameproof agent such as magnesium 
hydroxide or aluminum hydroxide and red phosphorus has a double effect of heat 
absorbing reaction of the metal hydroxide based flameproof agent and surface char 
generated by the red phosphorus, and the V-0 level in UL-94 burning test can be attained. 
Furthermore, poisonous gas will be generated during burning. 

[0016] The metal hydroxide based flameproof agent in this invention can be used either 
alone or in combinations of two or more kinds. Its amount is in the range of 1 00 to 1 50 
wt. parts, preferably 120 to 140 wt. parts per 100 wt. parts of the binder resin above. If 
the amount is less than 100 wt. parts, sufficient flameproof effects cannot be performed. 
On the other hand, if it exceeds 150 wt. parts, molding is difficult. 
[0017] The red phosphorus should have an average particle diameter in the range of 0.1 
to 100 fim. In addition, its amount is selected in the range of 1 to 10 wt. parts per 100 wt. 
parts of the binder resin. If its amount is out of this particular range, sufficient 
flameproof effects cannot be performed. 
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[0018] The heat conductive powder used in the heat transfer sheet of this invention can 
be aluminum oxide, magnesium oxide, aluminum nitride, boron nitride, etc. Among 
these, aluminum oxide and magnesium oxide are especially suitable. The average 
particle diameter of this heat conductive pow^der should be 0.1 to 100 |im. 
[0019] The heat conductive powder in this invention can be used either alone or by 
combining two or more kinds. Its amount is in the range of 500 to 700 wt. parts per 100 
wt. parts of binder resin. If its amount is less than 500 wt. parts, sufficient thermal 
conductivity cannot be acquired. On the other hand, if it exceeds 700 wt. parts, molding 
processing becomes inferior. 

[0020] The heat transfer sheet of this invention, in addition to the above components, 
may contain other components in appropriate amounts within the range that does not 
damage the object of this invention. For instance, it is possible to use a surface treatment 
agent, surfactant, lubricant, stabilizer, plasticizer, softening agent, coloring agent, 
antiaging agent, etc. 

[0021] A stabilizer which satisfies the heat resistance feature of the above composition at 
extrusion temperature (for instance, approximately 120 to 160°C) is an amine base 
antioxidant. An aromatic based group is suitable as this amine base antioxidant. For 
instance, there are diphenyl diamine based materials such as N,N'-diphenyl-p-phenylene 
diamine, N,N'-di-p-naphthyl-p-phenylene diamine. 

[0022] The heat transfer sheet of this invention with the above composition is molded 
into long sheets by extrusion or calendaring. 

[0023] 

(Examples of practice) 

In the following, this invention is going to be explained in more detail according 
to example of practice. Evaluation of the flameproof sheet was done concerning the 

following points. 

(processing feature) The compound was made into a sheet by a test roll, and it was 

examined. Processability was evaluated by the standard below. 

O: No cracks on either edge of the sheet, and no adhesion to the roll surface. 

A: Slight cracks on both edges of the sheet, or partial tackiness on the roll surface. 

X: Both edges of the sheet are cracked, or the sheet is adhered to the roll surface and is 

hard to remove. 

(Flameproof feature) It was determined by a 20 mm vertical burning test according to 
UL-94 standard. 

(Heat conductivity) It was measured using a thermal conductivity meter ("QTM-500" 

manufactured by Kyoto Denshi Kogyosha). 

[0024] 

(Examples of practice 1 to 4, examples of comparison 1 to 8) 

Material with the composition (v^. parts) shown in table 1 and 3 wt. parts of 
stabilizer, 2 wt. parts of lubricant, 2 parts of process assisting agent was kneaded in a 
kneader at approximately 140°C. After it was smashed, it was supplied to a calendar 
device set at 80°C roll temperature. A long sheet with 0.5 mm thickness and 350 mm 
width was acquired, 

[0025] Each component shown in the table is as follows. 
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Ethyl acrylate base polymer: ("Nokstite PA-312" manufactured by NOK), relative weight 
1.1 

ethylene - methyl acrylate copolymer: ("Baymac G" manufactured by Mitsui Dupont 
Polychemical Co.), relative weight 1.0 

magnesium hydroxide: ("Kissmer 5B" manufactured by Kyowa Kagaku Kogyosha), 
average particle diameter 1 [im 

red phosphorus: ("Hishiguard TP" manufactured by Nippon Kagaku Kogyosha), average 
particle diameter 20\xm 

aluminum oxide: ("Alumina A-12" manufactured by Showa Denkosha), average particle 
diameter 60 )im 

[0026] The acquired heat transfer sheet was evaluated for processing features, flameproof 
features, and thermal conductivity. The result is shown in table 1 below. 
[0027] 
table 1 
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[0028] 

(Effects of this invention) 

The heat transfer sheet of this invention has good thermal conductivity. At the 
same time, it has excellent flameproof properties. No poisonous halogen gas is generated 
during burning, and it also is easy to process. 
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